The Surveillance Epidemiology and End Results data demonstrate that the risk of non-Hodgkin lymphoma is lower for women, but that the incidence increases after fifty years of age, at which menopause is regularly reached, suggesting that female hormones may be protective for NHL. This study examines the influence of sex on lymphoma risk in a relevant large animal model. Records for dogs in the Veterinary Medical Database were analyzed from 1964 to 2002. Risk ratios were calculated to evaluate associations between sex, neutering status, and lymphoma occurrence. A total of 14,573 cases and 1,157,342 controls were identified. Intact females had a significantly lower risk of developing lymphoma, Odds Ratio 0.69 (0.63-0.74) with a P < .001. We conclude that there is a sex effect on NHL risk in dogs similar to humans. We hypothesize that the hormone levels of intact females lower the risk of NHL. The possibility of a protective role of endogenous estrogens in the etiology of NHL should be investigated.
Introduction
Women are known to have a lower incidence of nonHodgkin lymphoma (NHL) than men (15.8 cases/100,000 person-years (py) versus 23.2/ 100,000 py from 1998 to 2002) [1] . The observed difference has persisted over the past two decades. Although the exact mechanism and cause of the disparity is unknown, the interaction of hormones and estrogen or progesterone receptors on gene expression has been postulated as one logical mechanism. The finding of specific polymorphisms in the estrogen receptor 1 associated with higher susceptibility to lymphoma supports a hormonal role in carcinogenesis [2] .
Naturally occurring lymphoma is a common malignancy in dogs. The NHL classification schemes used in human medicine have been adapted for use in dogs [3] . Investigators have suggested that companion dogs can serve as an important comparative model [4, 5] . The disease occurs spontaneously in companion dogs with genetic, epigenetic, histologic, therapeutic, and natural history similarities with humans. The shorter lifespan of dogs compresses progression time and permits more rapid study of disease epidemiology and biological behavior [6] . Finally, dogs are exposed to similar environmental and hormonal factors as humans and may serve as an environmental sentinel and model of prevention of NHL [7] .
Hormonal influence on the causation, prevention, and treatment has been well documented in the etiology of several canine tumors. There is an established relationship between the incidence of canine mammary tumors and the timing of ovariectomy. Dogs spayed before their first heat cycle are significantly less likely to develop mammary tumors 2 Journal of Cancer Epidemiology [8] . Perianal adenomas are considered to be androgen dependent, occurring primarily in male intact dogs and remitting following castration [9] . Conversely, neutered male dogs have a significantly increased risk for all prostate cancers when compared to their intact counterparts [10] .
The etiologic influence of hormone status on the risk of development of NHL has been examined in human oncology. In a study of 37,220 Iowa women ages 55 to 69 years, current users of hormonal replacement therapy were at increased risk for NHL [11] . Risk factors including endogenous sex hormones, age at menarche, age at menopause, type of menopause, history of infertility, number of miscarriages, history of induced abortion, number of livebirths, and age at first livebirth were evaluated and were not strongly related to NHL incidence. A second study found an inverse association with the number of breast-fed children, with incidence for NHL decreasing after two children [12] . In the evaluation of hormonal effects on cancer development in the human population, only females routinely experience dramatic changes in sex hormone levels over their lifetimes. Available information on similar effects in the male population is extremely limited. The dog population contains large numbers of both intact and neutered individuals, allowing the altering of endogenous hormone status to be evaluated in a large epidemiologic study.
The Veterinary Medical Database (VMDB) is the most comprehensive database in veterinary medicine. The VMDB contains individual patient records from 27 North American veterinary teaching hospitals, including more than 6 million records of various animal species from 1964 to present. The VMDB data permits comparisons between hormonally intact and neutered dogs in both sex groups with a diagnosis of canine lymphoma.
Canine lymphoma has historically been thought to be more prevalent in males compared to females, but this was based largely upon anecdotal information. An article published by Dorn in 1970 reported that there was no difference between sexes in the risk of developing lymphoma; [13] to date no other study has evaluated this specific relationship. The purpose of this study was to examine records from the VMDB to evaluate the relationship between sex and lymphoma risk in dogs, with the hypothesis that intact female dogs are at lower risk for NHL.
Materials and Methods
The VMDB was queried to identify all canine records entered between 1964 and 2002. (VMDB's URL http://www.vmdb.org/ VMDB/CERF, PO Box 3007, 1717 Philo Rd, Suite 15,Urbana, IL 61803-3007. VMDB, Inc. does not make any implicit or explicit opinion on the subject of this study.) Cases were defined as dogs with lymphoma, including lymphoma type not specified (morphology code 8301), giant follicular lymphoma (morphology codes 8303 or 8330), or lymphosarcoma (morphology code 8310) according to the Standard Nomenclature of Veterinary Diseases and Operations (SNVDO). The control population was defined as all dogs with any diagnosis other than the 4 previously specified lymphoma diagnoses that never were reported to have lymphoma. Because each office visit or hospital stay results in the production of a unique entry in the VMDB, individual dogs may enter the database multiple times during their lifetime. Consequently, only a single, randomly selected record was used for each individual dog in the control population. For dogs with lymphoma, we used data from the first recorded visit in which the diagnosis of lymphoma was listed. To ensure that each dog was represented only once in the dataset, the data was sorted by the patient identification number and then filtered using SAS statistical software ( SAS for Windows, version 9.13, SAS Institute Inc, Cary, NC). Duplicate records were identified and deleted.
Variables extracted from records included sex (intact female, spayed female, intact male, neutered male), age, diagnosis code, visit year, and breed code. Age categories included eight age ranges as recorded in the VMDB (2-6 months, 6-12 months, 1-2 years, 2-4 years, 4-7 years, 7-10 years, 10-15 years or >15 years). Due to the low incidence of lymphoma in dogs less than 4 years of age, the 2-6 months, 6-12 months, 1-2 years, and 2-4 years categories were combined into a less than 4-year category. The records of control dogs less than 2 months of age were deleted from the dataset because no lymphoma diagnoses were noted in this age category. All records with unknown age, sex, breed, visit year, or diagnosis codes were excluded.
Given the potential for confounding effects of breed, and age, a paired analysis was performed for risk estimates by sex. In this analysis, a control record was selected for each case record. Control records were matched first on age and then on breed. Due to the volume of records within the VMDB, it was possible to match all controls and cases exactly for both age and breed. When multiple matched controls were available for a single case record, one control was randomly selected. For each sex category a 2 × 2 table was generated, based on the lymphoma status in each pair. In these tables, cell A included paired data when both the case and control members were of the sex under consideration, B when the case was a member of the sex under consideration and the control was not, C when the control was a member of the sex category under consideration and the case was not, and D when neither the case nor control member of the pair was a member of the sex under consideration. Using matched data, the odds ratio (OR) for lymphoma by specific sex category was determined using as previously described for matched data [14] . Thus, the risk of lymphoma for each sex group was calculated compared to the matched case-control population.
In addition, logistic regression models were developed using all the cases and controls available in the VMDB to predict the probability of the diagnosis of lymphoma as a function of sex, breed, and age. Only breeds which had a significance (P < .001) on a univariate analysis were considered; all breeds without significance were grouped as "other pure breeds" for the multivariate analysis. Regression coefficients were used to calculate the odds ratio with 95% confidence intervals for each breed, estimating the risk of the diagnosis of lymphoma relative to the mixed breed Table 1 . Age distribution is presented in Table 3 .
Results
To evaluate the effect of sex on lymphoma over those 38 years, 14,573 case-control pairs were identified based on age and breed. Table 2 presents the odds ratios and 95% confidence interval for the development of lymphoma for each specific sex category. All intervals are mutually exclusive from each other. In the Logistic regression performed using the unmatched data, the female intact category was also the least likely to develop lymphoma.
The incidence of human NHL for all races in the population <50 years of age according to sex was extracted from the SEER database (Figure 1) . It is apparent that females have a lower risk of developing NHL when compared to males. This difference is consistent throughout the time span under consideration. Figure 2 presents all intact dogs with the diagnosis of lymphoma out of the total population by year. The rate of a lymphoma diagnosis is lower in female dogs for every year examined. For humans over 50 years of age (Figure 3 ), the incidence difference between males and females appears decreased. A similar decrease in the difference between the rates appears for the altered canine population (Figure 4) .
Overall, a decreased risk of developing NHL is noted in females of both the human and canine population. This decrease is less apparent after 50 years of age in humans or after sex alteration is performed in the canine population (Figures 3 and 4) . Dogs of less than 4 years of age are less likely to develop lymphoma compared to the rest of the population ( Table 3 ). The most commonly represented breeds in the lymphoma group were mixed breed (n = 3, 197), Golden retriever (n = 1, 474), Labrador retriever (n = 854), German shepherd (n = 733), and Boxer (n = 677). When the odds ratio for lymphoma was examined in those breeds with more than one thousand control dogs, Bullmastiff, Boxer, Bernese mountain dog, Scottish terrier and Golden setters had the highest risk of lymphoma (Table 4 ). These breed predispositions may represent heritable factors contributing to increased frequency in these breeds. Elucidation of such genetic factors may help identify risk within human families or ethnic groups at higher risk for developing NHL.
Discussion
To the authors' knowledge, this is the only specific epidemiologic evaluation of sex risk for canine lymphoma. The VMDB is one of the most comprehensive databases in veterinary medicine, containing more than six million visit records. The VMDB was queried only to 2002 because after that year, the enrollment of cases was less consistent. With an extensive number of cases from multiple veterinary teaching hospitals across North America, geographical bias has likely been minimized. Age and breed bias must also be considered. To address this bias, we paired each individual lymphoma case with a randomly picked control of identical age category and breed variable. One of the major weaknesses of the data collected from the VMDB is possible misclassification error when data is entered; however, this should be random and eliminated with the design used in this study.
We conclude that the epidemiologic data from the VMDB supports a similar decreased risk for intact female dogs, as for women who have a lower risk than men of developing lymphoma. This sex effect has been consistent over the past few decades for both species. An interesting difference is noted for the altered dog and aged human population, where the difference in incidence of lymphoma in males and females becomes significantly smaller. We theorize that this difference may be attributed to the hormonal changes that occur once dogs are sexually altered via ovariohysterectomy (spay), similar to when women reach menopause. Due to the paucity of hormonally altered men, we cannot compare the effect of hormonal differences on lymphoma risk in the male population. Dogs are commonly neutered and hormonal changes are documented to occur. Thus, the canine model provides a unique resource for the study of hormonal influence on male NHL risk. Women with a history of oophorectomy had a very slight elevation in risk compared to women with no such history [12] . Since oophorectomy is not commonly performed, it is difficult to compare this practice to spaying in dogs. Therefore for this study we have assumed that hormonal changes that occur in women once they reach menopause are similar to those that occur in female dogs when they are altered. The elucidation of these hormonal changes after menopause in humans or alteration in dogs bears further investigation.
One of the limitations of this study is the lack of canine lymphoma subtype classification present in the VMDB. In dogs, the clinical diagnosis of lymphoma is usually limited to cell morphology, immunophenotype (CD3 for T cell, CD79a for B cell), and assessment of nodal architectural [15] . Indolent lymphomas, which are similar to low-grade lymphomas of humans, are rarely recognized. The types of indolent lymphoma reported in dogs include mantle cell, marginal zone, follicular, and T-zone lymphomas [16] . Recent studies suggest a genetic factor in the etiology of lymphoma due to the breed association with immunophenotype and possibly histological subtypes [17, 18] . In the human population, NHL is known to be a complex and heterogeneous set of lymphoma subtypes [19] . Subtypes include diffuse large B-cell lymphoma (DLBCL) and follicular lymphoma (FL). Estrogen and other reproductive hormones may affect the risk of NHL subtypes such as DLBCL [20] . In addition, genetic variation and a wide variety of receptor haplotypes have been identified in human medicine. This variability may affect the risk and outcome of canine lymphoma and human NHL patients. More detailed prospective studies should be performed to evaluate these differences. Journal of Cancer Epidemiology
When the multivariate logistic regression analysis was performed, sex, age, and breed categories showed significance in the development of lymphoma. The category of 7-10 years of age appears to be predisposed while less than 4 years of age seems to be less likely to develop lymphoma. Among breeds Bullmastiff, Boxers, Bernese Mountain Dog and Scottish terriers showed an increased risk of lymphoma. Dachshund and Pekingese were less frequent than background. These findings are consistent with previously published data and may represent genetic susceptibility or protection [21] .
Over the last decade, the relevance of veterinary comparative oncology to pharmaceutical and human medical oncology research has been recognized. The movement toward utilizing canine models in human medical research is primarily due the previously mentioned strengths of the canine model and the similarities between dogs and humans. In addition, the Comparative Oncology Trials Consortium (COTC) has formalized efforts to use companion dogs in human research by bringing together various institutions to work under the umbrella institution of the National Cancer Institute. The advantages of these efforts include rapid case accrual, decrease in the geographical distribution bias, and minimization of operational bias. More recently the creation of the Canine Comparative Oncology and Genomics Consortium (CCOGC) has opened the door for future studies of comparative animal models, accessible via a centralized biospecimen repository.
In conclusion, human NHL and canine lymphomas are similar diseases, making the dog an attractive model for this comparative evaluation. Our data emphasizes the similar correlation between presumptive hormone status and development of lymphoma in both species. Results of this analysis provide justification for further investigation of the hormonal influence on the risk of developing lymphoma.
